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Introduction

It is within bounds to say that Graphene is at the cutting edge of
material science and various engineering fields. Representative
research and applications can be readily found in composite material,
semiconductor, display, and energy for its intrinsic and potential
merits involving electrical, mechanical and physico-chemical
characteristics. The powerful merits of Graphene have been adapted in
lots of application fields through the development of reliable and
feasible synthesis technology. Especially for heat transfer applications,
we can also highlight its attractiveness on interfacial functionalization
with extremely high thermal conductivity [1], which is one order of
magnitude greater than even common conductive materials such as
copper or aluminum (with the order of hundreds of W/m-K).

Based on the outstanding properties, Graphene has been applied to
thermal science and technology including boiling heat transfer which
is used in heat-exchanger, boiler, cooling for electric devices [2]. On
boiling heat transfer, surface morphology and wettability
characteristics have been demonstrated as principal determinants
[3,4]. Effective nucleation sites can be favorable to catalyze
heterogeneous vaporization on an interfacial surface [5]. Refreshment
of coolant on the surface can also be manipulated against dry-out of
the surface during the phase-changing phenomena [6]. Herewith,
Graphene can be an influential candidate to suggest a breakthrough for
the enhancement of cooling performances. Even though the physics on
thermophoretic behavior of Graphene is not clear, surface
functionalization by Graphene has been demonstrated to manipulate
surface roughness and wettability, and to improve reliability and
performance of heat dissipation.

Figure 1 [7,8] presents typical boiling performance curves and
describes the possibility of Graphene for a potential breakthrough in
performance improvement of boiling heat transfer through. As a
powerful cooling technology, boiling heat transfer performances
regarding heat dissipation capacity (ie., critical heat flux) and
efficiency (i.e. heat transfer coefficient) can be enhanced through
interfacial morphology and wettability manipulation with Graphene's
intrinsic merits we already know. Carbon nanotube, which is in the
same carbon allotrope with Graphene, was spotlighted as a potentate
for boiling heat transfer once. However, it was not effective to clinch
great success on boiling improvement due to its unfavorable
characteristics such as hydrophobic nature preventing coolant
refreshment and complex and dense coalescence of itself under two-
phase flow system. Even through there are few approaches about
boiling heat transfer using functionalized Graphene manipulating
wettability characteristics so far, many researchers have tried to find a
way for controllable wettability on Graphene and its stability [9-11]. A

few recent studies showed the possibility of Graphene on the
application. During the boiling using Graphene-nanofluid it came to
deposit on the heat-dissipating surface by thermophoretic effect
accompanying heterogeneous vaporization [2]. By controlling
operating conditions, Graphene could form boiling-favorable
interfacial surface with secondary cavity-like structures on a heat
transfer surface, and it would be effective for the vaporization of
coolant. The consequent heat dissipation would be improved with
extended heat-dissipating capacity and efficiency [12]. Besides those
advantages, we can stress that Graphene has remarkable physical and
thermal characteristics including young’s modulus, yield strength and
thermal conductivity [13,14], thus we can expect long-term stability
and robustness different superior to other nanomaterials.
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Figure 1: Surface roughness and wettability control are the principle
factor to enhance the performance of boiling heat transfer.
Graphene surface will lead to long-term stability and robustness
boiling condition through outstanding physical/thermal properties.

The study on heat transfer using Graphene is just beginning step
despite remarkable properties of Graphene, and more study is
necessary to investigate and improve about Graphene’s characteristics
for heat transfer application: the boiling heat transfer mechanism on
Graphene coated surface, wettability control for super hydrophilic and
wicking  characteristics.  Furthermore, suitable structure for
vaporization can be designed in 3-D geometry using thermophoresis,
thermal-CVD and PE-CVD. Also, uniform and reliable coating
method should be developed. Then Graphene will lead to the
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